To study expression and function of the vimentin gene, transgenic mice were generated by microhijecting
transcripts were properly processed, as in chicken, giving rise to two RNAs. The vimentin transgene was predominantly expressed in lens at levels of up to 10-fold the endogenous level in every transgenic line studied. The chicken vimentin transcripts were efficiently translated into polypeptides that were modified posttranslationally and could assemble into the mouse cytoskeleton. Overexpression of the chicken vimentin gene did not obviously affect the expression of the endogenous gene at the RNA or the protein level. Immunofluorescence microscopy further demonstrated that the chicken protein was properly expressed spatially in lens. However, the levels were much higher in the transgenic animals.
Vimentin shows the most complex pattern ofexpression ofall known intermediate filament (IF) proteins. It is mainly expressed in cells of mesenchymal origin but also found in other undifferentiated cells and cultured cells (1, 2) . It is known to be regulated by growth factors in various cell types (3) . In most systems, vimentin is down-regulated during development and is partially or completely replaced by celltype-specific IF subunits (4) . It can also be up-regulated, e.g., during avian erythropoiesis (4, 5) . Finally, lens (6) , avian erythrocytes (7) , and certain leukocytes (8) express vimentin as the sole IF subunit in the mature cell. This divergent pattern of the vimentin expression suggests that the regulation of its expression must be complex and its biological function during growth, differentiation, and morphogenesis must be broad and significant. The function(s) of vimentin and the other IF proteins remains elusive. A potential role of this protein is to interconnect the nucleus with the plasma membrane (9) (10) (11) (12) , possibly contributing to communication and transport between the cell surface and the nucleus. However, to date there is no evidence to support functional roles for any of the above structural interactions.
To investigate the expression and function of vimentin, we generated transgenic mice carrying intact or manipulated vimentin genes. Transgenic animals allow us to study vimentin in more than one tissue. We particularly want to study the regulation of the vimentin gene during erythroid, lens, and muscle development and to determine the consequences of altered vimentin gene expression during growth, differentiation, and morphogenesis in these systems where terminal differentiation is linked to vimentin decline and disappearance (13) (14) (15) (16) . For these purposes, we introduced into the germ line of laboratory mice the fully characterized entire chicken vimentin gene (5, 17) . The present work addresses whether the chicken vimentin gene can be expressed in mouse, whether tissue specificity can be observed, and whether the transgenic protein isoforms can be synthesized and incorporated into the cytoskeleton. Analysis of these transgenic mice demonstrated that the chicken gene could be efficiently transcribed in a correct tissue-specific pattern and that transcripts were processed and translated into a protein capable of assembling into cytoskeleton. Overexpression of the transgene did not appear to affect the expression of the endogenous mouse vimentin gene.
MATERIALS AND METHODS
Generation and Screening of Transgenic Mice. VXBK, the chicken vimentin construct used for microinjection, was derived from the genomic A Charon 4A recombinant AV8 (5) by subcloning in two steps into the pUC18 vector. Thus, the entire gene plus the flanking sequences could be removed from the construct as a unit, free of vector sequences, by digestion with Xho I and Kpn I. Transgenic mice were generated essentially as described (18) with some modifications (19) . Tail DNA from 3-to 4-week-old offspring mice, prepated mainly as described (18) , were blotted onto nitrocellulose and hybridized to a primer-extended 2.9-kilobase (kb) 3' IindIII fragment (H3d; Fig. 1 ) as described (5, 20) .
Final washes were done with 0.5 x SSC at 500C (lx SSC = 0.15 M NaCl/0.015 M sodium citrate, pH 7.0).
Northern Blot Analysis. Total RNA from various tissues was isolated as described (5, 21) . RNA blot analysis was performed as described (5, 20) using a 32P-labeled randomprimed (22) chicken cDNA probe (5) 
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RESULTS
Generation of Transgenic Mice Containing the Chicken Vimentin Gene. VXBK, the chicken vimentin gene construct used for microinjection (Fig. la) , is free of vector sequences and contains the entire 7.7-kb vimentin gene (5, 17) plus 2.4 kb of 5' and 2.6 kb of 3' flanking sequences. Potentially transgenic mice were screened by Southern blot analysis of tail DNA using a 3' 2.9-kb genomic chicken vimentin HindIII fragment (5) (Fig. la) . In Fig. lb , all four transgenic founders initially obtained had incorporated multiple copies of the gene, ranging from 3 or 4 (Tgl49) to 70-90 (Tg2l) copies per haploid mouse genome, in a head-to-tail fashion as is mainly observed in transgenic mice (26, 27) . Insert VXBK has a small EcoRI fragment (600-700 base pairs) close to the middle (Fig. la) . The EcoRI band obtained in the Southern blot (Fig. lb) is =12.0 kb and extends from the second EcoRI site of one VXBK molecule to the first EcoRI site of the next molecule in the head-to-tail concatemer. The endogenous vimentin gene has an EcoRI band of -6.4 kb, easily distinguished from the transgenic band (Fig. lb, lanes C and D) .
Expression of the Chicken Vimentin Gene in Transgenic Mice. To study the expression of the chicken vimentin transgene, founder mice were mated with ICR mice, and total RNA from positive F1 or F3 animals was isolated from various tissues. The expression of the chicken vimentin gene was analyzed by RNA blot hybridization, using a chicken cDNA probe (5) (Fig. 2B ) and the endogenous mouse vimentin expression (Fig. 2 C or E) showed clearly that the chicken vimentin transgene was expressed in the correct tissues, brain, heart, intestine, kidney, lens, lung, skeletal muscle, spinal cord, and spleen, but not in blood, liver, or pancreas. This indicates that the integrated construct contains sufficient information to elicit tissue-specific expression. However, the levels of expression relative to endogenous expression varied. For instance, in the brain of mouse Tg2l chicken vimentin was expressed at a higher than expected level relative to other tissues, except lens, reaching at least 3 times the endogenous level. This was not true for other transgenic lines and, consequently, might be an integration-site effect (data not shown). In the other tissues (except lens) of Tg2l mice, however, the expression of the vimentin transgene was lower than the endogenous. Densitometric scanning of x-ray films of RNA blots (Fig. 2) , with corrections for different sizes, specific activities of the probes, and exposure times, revealed that, except for lens, spinal cord showed the highest level relative to the endogenous expression (-45%). Next was intestine with -27% followed by heart (22%), skeletal muscle (20%), spleen (==10%), lung (6%), and kidney (2%). Tgl9 mice showed similar patterns of tissue-specific expression but at lower levels (data not shown). (iii) There was overexpression of the chicken vimentin in the lens of most transgenic lines studied. Expression in Tg2l mice reached at least 10 times the endogenous level, expression in Tgl9 mice was -5 times the endogenous level, whereas expression in Tg60 mice was only slightly lower than expression in Tgl9 mice. Only Tg149 mice showed lower expression than the endogenous level (20o). It should be noted that Tg2l mice were losing copies during breeding and consequently lost a considerable amount of the initial expression (40-50%). (iv) The chicken vimentin transgene is correctly expressed as two mRNA species (Fig. 2G) . The single-copy chicken vimentin gene can produce (5, 28) multiple mRNAs through differential utilization of several polyadenylylation sites. Mice produce one 2.1-kb vimentin mRNA (ref. 13 and Synthesis of Chicken Vimentin and Assembly into the Mouse Cytoskeleton. We then examined whether mammalian cells could translate chicken vimentin mRNA. Lenses from 4-to 5-week-old Tg2l mice were isolated and total protein or an equivalent amount of Triton X-100-insoluble protein was analyzed by two-dimensional gel electrophoresis. Analysis of the gels showed mouse cells synthesized chicken vimentin very efficiently (Fig. 3 D and E) . Chicken vimentin can be easily distinguished from endogenous mouse vimentin by its different molecular weight and isoelectric point (see controls in Fig. 3 A-C) .
To identify the transgenic protein, we analyzed Western blots of two-dimensional protein gels incubated with chicken vimentin antibodies (24) (Fig. 3 F-I) . Comparison of normal chicken vimentin (Fig. 3B) with the transgenic protein showed no difference. Known multiple isoelectric variants of chicken vimentin (refs. 23 and 30 and Fig. 3B ), generated through posttranslational phosphorylation (31), were similarly expressed in the mouse environment (Fig. 31) . Thus chicken vimentin synthesized in the transgenic mouse was properly posttranslationally modified, probably by phosphorylation. Furthermore, comparison of the endogenous protein in normal and transgenic lens indicated that overexpression of chicken vimentin in mouse lens does not affect synthesis and stability of the endogenous protein.
Transgenic chicken vimentin subunits are efficiently incorporated into the mouse cytoskeleton, as judged by the Triton X-100-insoluble protein profile (Fig. 3 D and E) . To ascertain, however, whether the chicken vimentin formed filaments in mouse cells, we studied its expression, assembly, and structure in leukocytes by indirect immunofluorescence microscopy using specific chicken vimentin antibodies (24) . We used single cells to better visualize the assembled filaments. After a long incubation at high titer, the chicken antibody crossreacted slightly with mouse vimentin on a Western blot (Fig. 3, A, H, and I ), but this antibody did not crossreact in situ with mouse vimentin, as shown by indirect immunofluorescence microscopy (Figs. 4D and SE'). Chicken vimentin was expressed in most leukocytes (macrophages and lymphocytes) as described (8) , and it formed filaments similar to normal endogenous vimentin IFs (Fig. 4) . However, we do not know if these filaments were assembled from only chicken subunits or contain both mouse and chicken subunits.
Proper Spatial Expression of Chicken Vimentin in the Lens of Transgenic Animals. Vimentin is expressed mainly in the epithelial monolayer of the lens and to a lesser extent in the outer cortical lens fiber but not in the nuclear fibers (14, 15, 32) . Using Tg19 and Tg21 mice, we examined the spatial expression of transgenic chicken vimentin by using indirect immunofluorescence microscopy on cryotome frozen sections of lens. Chicken vimentin was correctly localized in the mouse lens and strongly expressed in the whole epithelium (Fig. 5 C' and D' ), similar to expression in normal lens (Fig.  5G') . Furthermore, in the zone of cell elongation, the bow cells showed strong staining, in both Tgl9 and Tg2l mice (Fig. 5 B' and F', respectively) , similar to the distribution of normal mouse vimentin (refs. 14 and 15 and Fig. 5A') . The slightly different pattern in the transgenic lens is only due to the stronger staining of the overexpressed vimentin and does not reflect any obviously unusual pattern. Unfortunately, quantitative comparison between normal and transgenic mice cannot be done due to the different fluorescent dyes, but the specificity ofthe chicken antibodies was confirmed (Fig. SE) . lung, which normally expresses in vivo at least as much vimentin as lens. This strongly suggests either that there is a missing lung-specific enhancer element in the VXBK fragment or that lens has an excess of trans-acting factors for the chicken gene. Indeed, aqueous humor contains plateletderived growth factor (33, 34) known to up-regulate expression of the vimentin gene (3). It is also possible that a lens silencer is missing from the transgene or that there is lower vimentin mRNA turnover in lens.
During chicken erythropoiesis, the chicken vimentin gene is up-regulated (5); however, during mammalian erythropoiesis, the mammalian gene is down-regulated (8, 13 ). The present study shows that similar to the endogenous gene, the chicken vimentin transgene was not expressed in mature mammalian erythrocytes (Fig. 2) . However, the chicken gene expression was induced during in vitro differentiation of transfected MEL cells (35) .
There are a few examples of efficient expression of mammalian genes in mice (36, 37) . To our knowledge, no chicken gene, however, has been reported to be expressed at such high levels, or even at the endogenous level, as the chicken vimentin gene. The chicken &.crystalline gene (38) , for instance, did not reach even 0.01% of the endogenous level of any crystalline.
There are some reports where overexpression of a foreign gene decreases the endogenous expression [e.g., of myosin Biochemistry: Capetanaki et al. light chain (37) and T-cell receptorf chain gene (39) ]. RNA and protein analyses revealed that this is not true for vimentin in transgenic lenses in the present report, suggesting that the trans-acting factors responsible for the vimentin expression in lens are in excess or that the transgene might be constitutively expressed due to the lack of a lens silencer. The present data also indicate that feedback regulation in the vimentin expression in this tissue does not seem to exist.
